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Background: At high speeds of motion of the magnetic levitation transport (MLT), 

linear induction motors (LIM) have a secondary longitudinal edge effect (SLEE). SLEE 

occurs when magnetic field of inductor interacts with the currents of the secondary element 

(SE) outside the MLT vehicle. SLEE reduces the efficiency of traction of LIMs. Therefore, 

the task of reducing the influence of SLEE is relevant. 

 Aim: Development of and research into a linear induction motor without a secondary 

longitudinal edge effect. 

Methods: To achieve this aim, new designs of linear induction motors have been 

proposed, which do not have SLEE. The secondary element of the LIM (track structure of the 

MLT) is made of cylindrical conductive rods installed with the possibility of rotation. LIM of 

the MLT is equipped with two brushes that close the rods of the secondary element within the 

length of the inductor. When the MLT vehicle moves, the rods outside the inductor are not 

closed by brushes and there is no current in them. There will be no SLEE. Another method to 

solve this problem is to use reed switches to close and open the rods of the secondary element. 

Results: The possibility of increasing the efficiency of the linear induction motor has 

been achieved. 

  

Keywords: linear induction motor, secondary longitudinal edge effect, magnetic 

levitation transport, rods of the secondary element winding, carbon brushes, reed switches. 
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ЛИНЕЙНЫЕ АСИНХРОННЫЕ ДВИГАТЕЛИ 

  БЕЗ ПРОДОЛЬНОГО КРАЕВОГО ЭФФЕКТА
* 

 

Обоснование: При высоких скоростях движения магнитнолевитационного 

транспорта (МЛТ) у линейных асинхронных двигателей (ЛАД) возникает вторичный 
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продольный краевой эффект (ВПКЭ). ВПКЭ возникает при взаимодействии магнитного 

поля индуктора с токами вторичного элемента (ВЭ) за пределами экипажа МЛТ. ВПКЭ 

снижает коэффициент полезного действия тяговых ЛАД. Поэтому актуальна задача 

снижения влияния ВПКЭ. 

Цель: Разработка и исследование линейного асинхронного двигателя без 

вторичного продольного краевого эффекта. 

Методы: Для реализации поставленной цели предложены новые конструкции 

линейных асинхронных двигателей, у которых отсутствует ВПКЭ. Вторичный элемент 

ЛАД (путевая структура МЛТ) изготовлен из проводящих цилиндрических стержней, 

установленных с возможностью вращения. Тяговый ЛАД МЛТ снабжен двумя 

щетками, которые замыкают стержни ВЭ в пределах длины индуктора. При движении 

экипажа МЛТ стержни за пределами индуктора щетками не замкнуты, и тока в них нет. 

Не будет и ВПКЭ. Еще один метод решения данной задачи – использование герконов 

для замыкания и размыкания стержней вторичного элемента.  

Результаты: Достигнута возможность увеличения коэффициента полезного 

действия ЛАД. 

 

Ключевые слова: линейный асинхронный двигатель, вторичный продольный 

краевой эффект, магнитнолевитационный транспорт, стержни обмотки вторичного 

элемента, угольные щетки, герконы. 

 

 

Introduction 

 

Magnetic levitation transport (MLT) will enable construction of new 

corridors between the eastern and western parts of Russia, reduction of ride time 

of passenger and cargo transport through high speed. Magnetic levitation and 

vacuum transport (VMLT) can drastically change direction and intensity of 

cargo turnover in the world, which will encourage technical progress and 

economic growth of many countries. The issues relating to design and 

development of MLT are points of interest in industrially developed and even 

developing countries. In Russia, the issues and tasks relating construction of, 

research into and application of MLT are addressed by engineers and scientists 

of a number of organisations, including Emperor Alexander I St. Petersburg 

State  Transport University (PGUPS), on the basis of which the Scientific 

Educational and Engineering Cluster “Russian Maglev” has been established, 

the Russian University of Transport (RUT-MIIT), Rostov State Transport 

University (RGUPS), as well as research institutes and industrial enterprises        

[1-7, 15]. For traction motor in MLT and VMLT the linear electrical drives are 

designed. The paper covers linear induction motors (LIM) which can have ways 

for closing of magnetic fluxes in longitudinal, transverse and longitudinal-

transverse directions. Operation of high-speed MLT will require considerable 

material resources, and tasks to reduce their consumption are relevant. During 

operation of LIMs as traction motors in high-speed MLT, the secondary 

longitudinal edge effect (SLEF) arises, which reduces efficiency rate of MLT 

system. 
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AIM 

 

The aim of the paper presented is development of new LIM designs that 

would be able to function without the secondary longitudinal edge effect and 

that would have increased efficiency rate. SLEF is especially noticeable at high-

speeds, therefore it is required that the traction LIMs for MLT and VLMT 

should be improved. 

 

LINEAR INDUCTION MOTOR DESIGN 

 

Research issues relating to the processes justified by final sizes of linear 

induction motors are to a greater or lesser extent touched upon in the works         

[8-19]. Still there are no publications dedicated to LIMs having no secondary 

longitudinal edge effect. The development of LIMs without SLEF rests on the 

idea about full absence of current in the electrically conductive part of the 

secondary element (SE) of the machine, located outside the area of inductor. Let 

us consider the first variety of LIM design. The secondary element (core) of 

LIM embedded, into the guideway of MLT, has a short-circuit winding, 

consisting of round conductive rods, oriented perpendicularly to the vehicle 

movement and installed rotatably. The main feature of this linear induction 

motor is that the winding becomes short-circuited only under LIM inductor 

which is located in the vehicle. The conductive rods under LIM are short-

circuited by means of two carbon brushes located on both sides of the inductor 

core and being equal in length to it. The structural schematic of such a traction 

linear induction motor is shown in Fig. 1. 

The linear induction motor has an inductor 1, consisting of the core and a 

three-phase winding. The inductor is fixed on the plate 2 made of non-

conducting material (Fig. 1a). The secondary element (MLT guideway) consists 

of the core 3 of cylindrical conductive rods 4, located rotatably in the grooves of 

the core (Fig. 1, б). Within the length of LIM inductor, the rods 4 are closed by 

brushes 5 of conductive material. The brushes are placed on both sides of the 

inductor and are firmly connected by the plate 2. The ends of conductive rods 4 

are located in the bearings 6 Fig. 1b). 

The operation principle of the linear induction motor in question is 

following. When the three-phase current is fed to the inductor winding, the 

longitudinally travelling magnetic field is excited. The travelling magnetic field 

crosses the winding rods of the secondary, which are located under the inductor 

(Fig. 1b), and induces electromotive forces in them. The rods under the inductor 

are short-circuited by conductive brushes and form a short-circuited winding, as 

a result of which under the electromotive forces, the currents will flow in the 

rods, interacting with the travelling magnetic field. As a result, the traction force 

is created, that moves the inductor of LIM (MLT vehicle). While moving, the 

inductor (onboard of MLT) constantly changes its positioning, and the brushes 

open the rods, which are left behind the vehicle. There can be no currents in 
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these rods, and so there will be no power losses, and thus the efficiency rate of 

traction LIM and MLT systems in general increase, reducing the operational 

costs of a new transport mode. 

 

 
 

Fig.1. Linear induction motor with closing brushes, a)  

and secondary element winding, b).   

 

1 –  inductor with three-phase winding;  

2 – plate made of insulation material;  

3 – secondary element core;  

4 – cylindrical conductive rods of secondary element winding;  

5 – brushes made of conductive material;  

6 – bearings. 

 

The significant weaknesses of the LIM presented are the friction between 

the brushes and the rods and emergence of sparks in the brush-rod interface 

when the circuit is broken during the movement of the high-speed MLT vehicle. 

These weaknesses are not present in the second design variant of linear 

induction motor without SLEF, electrically conductive winding rods of the 

secondary element of which are closed by the common conductive bus on one 

side, and on the other side, between each pair of rods, there are magnetically 

controlled contacts (reed switches) electrically connected with the rods. The 

design of LIM is shown in Fig. 2. 

The linear induction motor has the inductor 1 with ferromagnetic core and 

three-phase winding 2. The inductor of LIM is equipped with the permanent 

magnet 3 (Fig. 2a). The secondary element (guideway) consists of the 

ferromagnetic core 4 and the winding 5 (Fig. 2b). The winding of the secondary 

element consists of conductive rods 5, closed on one side by the common bus 6 

(Fig. 2b). On the opposite side, between each pair of rods, there are magnetically 

controlled contacts (reed switches) 7 installed, that are electrically connected 

with the rods of the winding 5. The reed switches 7, located under the permanent 

magnet 3 (under MLT vehicle), are closed. 
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Fig. 2. Linear induction motor with closing reed switches, а)  

and secondary element winding, b).  

 

1 –  inductor;  

2 – three-phase winding of inductor;  

3 – permanent magnet;  

4 – secondary element core;  

5 – conductive rods;  

6 – bus;  

7 – magnetically controlled contacts (reed switches). 

 

 The second design variety of linear induction motor without SLEF 

functions as follows. The connection of the inductor to the source of a three-

phase current leads to creation of the travelling magnetic field, crossing the rods 

of the windings of the secondary element and inducing the electromotive forces 

in them. The rods of the secondary element winding, located under the inductor, 

form a short-circuited winding, because the reed switches contacts under the 

magnetic field influence of the permanent magnet will be closed. Under the 

influence of the electromagnetic force, in the winding of the secondary element 

the currents will flow. Interaction of the travelling magnetic field with the 

currents in the winding of the secondary element creates traction force, moving 

the vehicle of MLT. As the vehicle moves, in the approaching parts of the 

secondary element under the influence of the permanent magnet field, the new 

reed switches contacts are closed, forming a short-circuited winding other part 

of the guideway of MLT, whereas in the escaping parts of the secondary element 

(“set free” from the inductor of LIM) the reed switch contacts are opened, and 

outside the inductor area (vehicle) the currents will not flow. The secondary 

longitudinal edge effect in this case will be fully absent. The short-circuited 

winding itself of the secondary element under the inductor of the travelling MLT 

vehicle is created without any friction, which increase efficiency rate of the 

linear induction motor. 
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SLEF INFLUENCE ON LIM PERFORMANCE  

 

The currents in the conductive part of the secondary element of LIM flow 

under the influence of transforming electromotive force and electrodynamic 

force of “movement”. At low speeds of MLT the former has greater 

significance, whereas at high speeds it is the latter that is of greater significance. 

Based on theoretical considerations and experimental data, the relation has been 

obtained that enables calculation of electrical losses of power in the secondary 

element, emerging as the result of the secondary longitudinal edge effect 

 

                  
 [
      (        )

        
 
     
    

]        

 

where     – magnetic induction in the air gap in the centre of the inductor; 

          – cross section of the conductive part of the secondary element; 

          – electrical conductivity of the rods of the secondary element; 

          – velocity; 

         – air gap; 

         – current frequency; 

          – coefficient depending on electrical conductivity of the secondary element. 

 

 All units of measurement are given in SI, the result is expressed in kW.  

Experimental studies carried out on the arc-type stator bench have shown 

that at speeds of 215 km/h, the 1.5 kW LIM through losses caused be SLEF had 

efficiency rate decreased by 12 %. 

  

CONCLUSIONS 
 

 1. The relation has been obtained enabling consideration of the influence 

of the longitudinal edge effect on the performance of the traction linear 

induction motors of MLT.  

 2. Experimental researches undertaken confirmed great influence of the 

secondary longitudinal edge effect on efficiency rate and traction force of the 

linear induction motor. 

 3. The designs of the linear induction motors proposed enable excluding 

the influence of SLEF and increasing efficiency rate of LIM and MLT in 

general. 
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